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(57) ABSTRACT 

Separation of a color into values for colorants in colorant 
Space can be done easily when color correction and color 
Separation are done in a separate Step. 
To perform color Separation the color can be defined as a Set 
of values in a trajectory Space wherein trajectories are 
defined comprising points for which ink behavior during 
color Separation is known. Colorant values for the color can 
be determined using simple interpolation techniques based 
upon 

values of the color located in trajectory Space, 
known values and corresponding colorant values of the 

trajectory points. 
Trajectories are preferably color axes dividing the trajectory 
Space into tetrahedra. Obtained colorant values may be 
further corrected using techniques Such as colorant replace 
ment or colorant Splitting. 
A color correction Step can be done previous to the color 
Separation step. 

The combined proceSS can be calibrated using a test target. 

Colorant 
space 

Color correction calibration via test chart 
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COLOURSEPARATION METHOD 

FIELD OF THE INVENTION 

0001. The present invention relates to a method for 
Separating a color into a plurality of values of colorants as 
used e.g. in printing in order to reproduce the color by using 
amounts of colorants corresponding to the colorant values. 
0002 More specifically the invention is related to color 
Separation for a Subtractive color reproduction processes 
and-more particularly-to a method for printing an image 
represented in a colorimetrically defined Space Such as for 
example sRGB by means of a set of subtractive colorants 
Such as CMYK (cyan, magenta yellow and black). 

BACKGROUND OF THE INVENTION 

0003. In order to calculate for every pixel the colorant 
values corresponding to the appropriate amounts of each 
colorant to faithfully render the color of that pixel different 
models have been described in the literature. 

0004. It is understood that in the description hereinafter 
the term colorant amounts can be considered as an equiva 
lent to colorant values as for each output System the value 
delivered to the System will result in a certain amount of 
colorant to render the image. 
0005. As amounts of colorants can be considered colo 
rants effectively applied to a Substrate as known in printing 
processes both impact and non impact Such as offset printing 
or inkjet printing, but also other equivalents can be under 
stood. One of other possibilities is the use of electrographic 
printing processes. In photographic materials colorants are 
generated during development after exposure of the image to 
the material. 

0006) Different State of the Art Models: 
0007 Model Using Masking Equations 
0008. In “The reproduction of color” by R. W. G. Hunt 
(1987, Fountain Press England) and in the book “Principles 
of Color Reproduction” by John A. C. Yule (originally 
published in 1967 by Wiley & Sons, and reprinted in 2001 
by GATFPress), it is explained that a set of 3x3 “masking 
equations' can be used to relate the CMY colorant densities 
with the density values in a photographic color original that 
is to be reproduced. The underlying concept is that the 
amounts of the individual colorants are adjusted So that the 
Sum of the density of the main absorption of every colorant 
with the densities of the side-absorptions of the other two 
colorants matches the original density. Requiring this con 
dition to be true for the RGB densities leads to the 3x3 linear 
equations that relate uncorrected and corrected RGB densi 
ties. The term “masking equations” refers to the original 
photographic masks that were used to implement this 
method. The masking equations enable to calculate the 
amounts of cyan, magenta and yellow colorants. When a 
color is to be reproduced of which the density is too high to 
be rendered with just these three colorants, black colorant 
can be added So that the density of the printed reproduction 
matches the density in the original. Many variations exist on 
the above approach. 
0009. A first class of variations relates to the way the 
amount of black colorant is calculated. By calculating first 
the equivalent neutral density of the desired color, then 
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reducing the amounts cyan, magenta yellow colorants 
appropriately and replacing this neutral component by an 
equivalent amount of black colorant, in principle the same 
color is obtained but with a lower total amount of colorant, 
Since the black colorant replaces three colorants. This tech 
nique is called “under color removal” (UCR) or “gray 
component replacement” (GCR). 
0010) A second class of variations relate to the masking 
equations themselves. Since with 3x3 masking equations 
only 3 colors can be exactly corrected, higher order terms 
are usually added to improve their precision. By doing So, 
exact compensation can be obtained for more colors. The 
approach that is usually taken, however, is to minimize the 
root mean Square error of the reproduction process over the 
gamut of printable colors. This is achieved by first printing 
a large Set of color Samples, and then using a numerical 
regression technique to calculate the optimal Set of coeffi 
cients of the extended masking equations. 
0011 Color separation techniques based on the masking 
equations were a popular approach in the analog color 
Scanners that were developed in the nineteen Seventies and 
eighties, because they could be relatively easily imple 
mented using analog electronic circuitry 
0012 Color separation techniques based on the masking 
equations Suffer from certain limitations. From a theoretical 
Viewpoint, they describe a density modulation based repro 
duction process. Examples of Such processes are the Silver 
based photographic process or thermal dye Sublimation 
processes. Many print reproduction processes, however, do 
not work by directly modulating the densities of colorants, 
but rather by modulating the size of halftone dots (in the case 
of amplitude modulation halftoning) or the number of fixed 
sized halftone dots per unit area (in the case of frequency 
modulation halftoning). The color mixing behavior is rather 
different for Such processes, due to the complex optical and 
physical interactions between the halftone dots, the light, 
and the substrate. This explains why the model of the 
masking equations is not very accurate to control color 
Separation in halftoning based print reproduction processes 
and that the determination of the optimal coefficients for 
Such processes requires Substantial skill and effort. 
0013 Model Using Neugebauer Equations 

0014 Based on the fact that the halftone dots of 4 
different colorants produce only 16 possible distinct com 
binations of Overlap, and on the assumption that the relative 
position of the halftone dots can be considered random (an 
assumption that is closely approximated in most real print 
ing conditions), the Neugebauer equations predict the tris 
timulus values of a color as a function of the effective 
CMYK dot areas. A detailed explanation of the Neugebauer 
equations is found in the book “Principles of color Repro 
duction” by Yule and in the article “Inversion of the Neu 
gebauer Equations” by Marc Mahy and Paul Delabastita in 
the magazine color Research and Application (published by 
John Wiley & Sons Vol. 21, nr. 6, December 1996). In the 
latter article, various interpretations are given to the original 
Neugebauer equations, as well as a method to improve the 
accuracy of the model by localizing the coefficients. The 
localized Neugebauer coefficients are obtained by printing a 
test chart with the colorant values laid out on a four 
dimensional grid, and measuring the resulting colors. By 
Solving Sets of equations, the coefficients are determined So 
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that the colors of the test chart are exactly predicted by the 
Neugebauer equations. Other approaches for improving the 
accuracy of the Neugebauer equations that are not discussed 
in the article consist of adding higher order terms to the 
original equations or increasing the number of color chan 
nels from three tristimulus values to a more accurate Sam 
pling of the Visible Spectrum. 
0.015 Since the Neugebauer equations predict color as a 
function of colorant values, they need to be inverted in order 
to solve the color separation problem. The article by Mahy 
and Delabastita continues by disclosing that-for the three 
colorant case-this can be achieved by using a three 
dimensional Newton-Raphson iterative proceSS or-prefer 
ably—by first converting the Neugebauer equations into a 
6 degree polynomial of which the Six roots are easily 
determined using robust numerical techniques. Of the Six 
Solutions, the one that has a physical interpretation is 
Selected and used to Separate the color into the colorants. 
0016. The article finishes by pointing out that the method 
can be extended to the four colorants case, by considering 
one of the colorants (for example the amount of black 
colorant) as a parameter of the equations. Effectively, this 
means that for a given color, the amount of black colorant 
has to be determined based on Some criterion, after which 
the cyan, magenta and yellow values are determined by 
inverting the Neugebauer equations. The article does not 
give hints on how the black colorant parameter Should be 
Selected. 

0.017. In practice, it is not straightforward to come up 
with a good black colorant generation Strategy for the 
purpose of Separating a color into four colorants. In theory 
it is even impossible to invert a transformation from the 
four-dimensional colorant Space to the three-dimensional 
color Space, Since multiple ink combinations yield exactly 
the same color. Hence, in order to Solve this undetermined 
problem additional constraints are to be imposed. 
0.018. A first requirement is obviously that for the ren 
dering of an individual pixel with a given printable color, 
there is a minimum and a maximum amount of black 
colorant that can be used to print that pixel, and that the 
Selected amount of black ink should fall in between these 
two extremes. Considerations that help to make the Selection 
comprise: the maximum total amount of colorant that the 
printing process Supports for printing a pixel, robustness of 
the color balance in the presence variations of the amounts 
of colorants due to printer instability, visibility of moire or 
grainineSS due to the geometrical interactions between the 
halftoned separations, metameric robustneSS if different light 
Sources or viewing conditions are anticipated, etc. . . 
0019. The problem becomes even more complicated 
when additional constraints are imposed on how the colo 
rants are allowed to change along certain trajectories in color 
Space. For example it is considered desirable-if not man 
datory-that the amounts of colorant change monotonously 
along the neutral axis and along the axes from the dark 
neutral point to the primary (cyan, magenta and yellow) and 
Secondary (red, green and blue) Subtractive primaries. 
0020. The reason why it is so difficult to fit all the 
constraints with the four-dimensional Neugebauer equations 
is because the management of color and colorants are 
compounded in one Single model. No Strategies are available 
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to our knowledge that are simple and robust, and enable to 
Separate the color and colorant management problems when 
using the Neugebauer equations. The complexity becomes 
even worse when more than four inks are used for printing, 
for example, when in addition to the standard CMYK 
colorants also a light cyan and light magenta colorant is used 
to reduce halftone grainineSS in the highlight tones. 
0021 Models Using Look-Up Tables and Fast Interpola 
tion 

0022. Most mathematical models to calculate the 
amounts of colorants to render a given color require too 
many computations for the purpose of directly Separating all 
the pixels in an image. For this reason look-up-tables are 
usually employed in combination with three-dimensional 
interpolation. The look-up-tables are first populated off-line 
using the complex Separation models. Performing interpo 
lating techniques in combination with these look-up tables 
enable fast Separation of large images. An example of Such 
an interpolation technique is described in U.S. Pat. No. 
4,334.240. Other articles that discuss the use of look-up 
tables and interpolation are “Tetrahedral Interpolation Algo 
rithm Accuracy” by J. M. Kasson, Proc. SPIE 2170, 24 
(1994) and “Comparisons of Three-Dimensional Interpola 
tion Techniques by Simulation” by H. R. Kang, Proc. SPIE 
2414, 104 (1995). 

OBJECTS OF THE INVENTION 

0023. It is one of the objects of the invention to have a 
method to separate color represented by a set of values into 
values or amounts of colorants, which is precise but neither 
requires great skill nor effort to calibrate. 
0024. It is another object of the invention to provide a 
color Separation method that enables to control the con 
Straints on the relative amounts of the colorants in different 
parts of the printable color gamut in a Simple and robust way. 
0025. It is another object of the invention to provide a 
color Separation method that enables to achieve monoto 
nousness of the amounts of colorants or values for colorants 
in colorant Space along certain trajectories defined in a 
trajectory space which can be a (intermediate) color space. 
0026. It is a further object of the invention to provide a 
color Separation method that requires fewer calculations 
than e.g. when using the inversion of the Neugebauer 
equations. 

SUMMARY OF THE INVENTION 

0027. The above mentioned objects are realized by a 
method having the Specific features according to claim 1. 
Specific features for preferred embodiments of the invention 
are set out in the dependent claims 2 to 22. 
0028. An computer program product for employing the 
method on a computing device is claimed in claim 23. 
0029 Further advantages and embodiments of the 
present invention will become apparent from the following 
description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 gives a basic schematic overview of the 
new method for color Separation. 
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0031 FIG. 2 is a representation of the trajectory (RGB 
color) space and Seven axes. 
0.032 FIG. 3A shows the seven axes dividing the trajec 
tory Space into Six non-overlapping tetrahedrons. 
0033 FIG.3B shows tetrahedrons T2 (K.W.R.M) and T4 
(K.W.G.C). 
0034 FIG. 3C shows tetrahedrons T1 (K.W.R.Y) and T6 
(K.W.B.C) 
0035 FIG. 3D shows tetrahedrons T3 (K.W.G.Y) and T5 
(K.W.M.B) 
0.036 FIG. 4 depicts a first set of colorant curves describ 
ing colorant values when following in trajectory Space a 
trajectory from black to red ("red axis") where the use of 
black colorant is low. 

0037 FIG. 5 shows a second set of colorant curves 
describing colorant values when following in trajectory 
space a trajectory from black to red ("red axis") where the 
use of black colorant is high. 
0.038 FIG. 6 gives a third set of colorant curves describ 
ing colorant values when following in trajectory Space a 
trajectory from black to red ("red axis") where the use of 
black colorant is average. 
0039 FIG. 7 shows a set of colorant curves describing 
colorant values when following in trajectory Space a trajec 
tory from black to yellow with a low use of black colorant. 
0040 FIG. 8 gives second set of colorant curves describ 
ing colorant values when following in trajectory Space a 
trajectory from black to white (“neutral axis") where the use 
of black colorant is high. 
0041 FIG. 9 shows a first set of colorant curves describ 
ing colorant values when following in trajectory Space a 
trajectory from black to white (“neutral axis") where the use 
of black colorant is low. 

0042 FIG. 10 shows a third set of colorant curves 
describing colorant values when following in trajectory 
Space a trajectory from black to white ("neutral axis) where 
the use of black colorant is average. 
0.043 FIG. 11 illustrates an explanation of interpolation 
of CMYK colorant values for the point p. 
0044) 
weights. 
004.5 FIG. 13 illustrates the separation of K-colorant 
into two colorants K1 and K2 by means of colorant Splitting 
CUWCS. 

0.046 FIG. 14 depicts the separation of the original C 
(cyan) value into LC (light cyan) and DC (dark cyan)and 
shows a LCB (light cyan boost) curve. 

FIG. 12 shows the determining the interpolation 

0047 FIG. 15 gives the colorant component replacement 
curve to modulate the colorant component replacement as a 
function of the red value. 

0.048 FIG. 16A gives a representation of the print stimu 
lus in the trajectory Space. 
0049 FIG. 16B gives the resulting measured print 
response in a colorimetric tristimulus space obtained by 
printing with colorant values obtained for the print Stimulus 
in trajectory Space. 
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0050 FIG. 17 shows the mapping of a tetrahedron in the 
trajectory Space onto a tetrahedron in the colorimetric tris 
timulus space and Vice versa. 
0051 FIG. 18 gives a first generalized separation scheme 
according of an embodiment of the new color Separation. 
0052 FIG. 19 gives a second generalized separation 
Scheme according of an embodiment of the new color 
Separation. 

DETAILED DESCRIPTIONS AND PREFERRED 
EMBODIMENTS OF THE INVENTION 

0053. In order give to provide a solution to the basic 
problem of respecting the printable gamut during color 
Separation of the three-dimensional color Space to N-dimen 
Sional colorant Space following method is used. 
0054 As mentioned above it is difficult to fit all the 
constraints imposed by a good Separation Strategy with the 
four-dimensional Neugebauer equations, because the man 
agement of color, i.e. color correction and Separation into 
colorants are compounded in one Single model that is not 
Separable. 

0055. The method is based upon separation the color 
correction and the Separation into values of colorants into 
two Separate models that can be easily Separately controlled 
as indicated in FIG.1. The new method is based on defining 
a trajectory Space which can be e.g. an intermediate non 
colorimetric RGB-color space. 
0056 Maximum control of separation into colorants is 
achieved by defining at least two trajectories in the trajectory 
Space along which the values for colorants needed for 
reproduction of the points on the trajectories are directly 
controlled as a function of position in the trajectory Space. 
By doing So, the three-dimensional problem is essentially 
reduced to a set of one-dimensional problems that are easier 
to manage. Because the values for colorants are directly 
controlled, it is easy to meet Separation constraints Such as 
the relative value for the black colorant compared to the 
non-black colorants and a maximum total value of colorants, 
corresponding to a total amount of colorants, which also can 
be an important constraint. It is also possible to define any 
number of colorants along the trajectories, So that printing 
processes with more than four colorants are easily Supported 
by the new method. Because it is possible to define any 
number of trajectories in the trajectory Space, Virtually 
unlimited control is achieved over the colorants throughout 
the printable color gamut. Three-dimensional interpolation 
is used for calculating the values of colorants for co 
ordinates that do not lie on a trajectory in the trajectory color 
Space. The only restriction in the colorant management Step 
is that the co-ordinates of all the points in the trajectory 
Space should yield unique printed colors, but this is a rather 
trivial condition for well-behaved printing processes. 
0057 Additionally, color correction or colorimetric man 
agement in the new method is obtained by printing out a test 
chart using known co-ordinates in the trajectory Space, then 
measuring the colorimetric co-ordinates of the printed colors 
and finally to invert the relation between the two three 
dimensional Spaces. The co-ordinates of the test colors can 
be ordered (i.e. laid out on a regular three-dimensional grid 
in the trajectory space) or they can be non-ordered. The 
modeling between the two three-dimensional Spaces is 



US 2003/0169438A1 

achieved using a set of three three-dimensional polynomials 
(one of the variations of the three-dimensional Neugebauer 
equations) or a three-dimensional triangulation Such as, for 
example, a Delaunay triangulation. A Delaunay triangula 
tion is a Subdivision of a volume into tetrahedrons with the 
property that the circumsphere of every tetrahedron does not 
contain any points of the triangulation 
0.058 Since these models map a three-dimensional 
Source onto a three-dimensional domain, inversion is rela 
tively straightforward-provided of course that the relation 
is invertible to begin with, which condition is met if the 
colorant management Step, i.e. color Separation, was appro 
priately carried out. 
0059 By having separated colorimetric management, i.e. 
color correction, and colorant management, i.e. color Sepa 
ration, excellent control is possible over the colorant values, 
and thus amounts of colorants, So that the colorant con 
Straints can easily be met, while the color management via 
the external loop achieves the required colorimetric accu 
racy. 

0060) Just as with existing color separation technologies, 
preferably three-dimensional look-up tables are populated 
with the new method and employed in combination with 
interpolation for the purpose of Separating large images. 

0061 Preferred Embodiment of Colorant Generation 
Step for Four Colorants: 
0062) CMYK 
0063. The following description is given in reference to 
FIG. 2. First a trajectory space of which the R, G and B 
values range from 0.0 to 1.0 is defined. The base vectors 
(1,0,0), (0,1,0) and (0,0,1) in trajectory space represent the 
colors of the double overprints of magenta with yellow, cyan 
with yellow and cyan with magenta colorants respectively. 
The vectors with co-ordinates (0,0,0) and (1,1,1) correspond 
with the darkest and lightest printable neutral color. The 
colors with co-ordinates (0,1,1), (1,0,1) and (1,1,0) represent 
the colors of the cyan, magenta and yellow colorants respec 
tively. 
0064. Ink behavior along seven different trajectories or 
axes in the trajectory Space is defined: 

0065 1. The neutral axis, connecting black (0,0,0) 
and white (1,1,1) 

0066 2. The red axis, connecting black and red 
(1,0,0) 

0067 3. The green axis, connecting black and green 
(0,1,0) 

0068 4. The blue axis, connecting black and blue 
(0,0,1) 

0069 5. The yellow axis, connecting black and 
yellow (1,1,0) 

0070) 6. The magenta axis, connecting black and 
magenta (1,0,1) 

0071 7. The cyan axis, connecting black and cyan 
(0,1,1) 

0072 The seven axes naturally divide the RGB cube in 
trajectory Space into 6 non-overlapping tetrahedrons as is 
exemplified by FIG. 3A to 3D. It can be seen that for each 
tetrahedron three axis span the Volume of the tetrahedron: 
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T1 = { (0, 0, 0), (1, 0, 0), (1, 1, 0), (1, 1, 1), spanned by the neutral 1, 
red 2, and yellow 5 axes, and characterized by R 2 G 2 B. 

T2 = { (0, 0, 0), (1, 0, 0), (1, 0, 1), (1, 1, 1), spanned by the neutral 1, 
red 2, and magenta 6 axes, and characterized by R 2 B 2 G. 

T3 = { (0, 0, 0), (0, 1, 0), (1, 1, 0), (1, 1, 1), spanned by the neutral 1, 
green 3, and yellow 5 axes, and characterized by G 2 R 2 B. 

T4 = { (0, 0, 0), (0, 1, 0), (0, 1, 1), (1, 1, 1), spanned by the neutral 1, 
green 3, and cyan 7 axes, and characterized by G 2 B 2 R. 

T5 = { (0, 0, 0), (0, 0, 1), (1, 0, 1), (1, 1, 1), spanned by the neutral 1, 
blue 4, and magenta 6 axes, and characterized by B 2 R 2 G. 

T6 = { (0, 0, 0), (0, 0, 1), (0, 1, 1), (1, 1, 1), spanned by the neutral 1, 
blue 4, and cyan 7 axes, and characterized by B 2 G 2 B. 

0073 Concentrating first on T1, which is the tetrahedron 
Spanned by the neutral 1, the red 2 and the yellow 5 axes. 
0074. It is hereinafter explained how the colorant man 
agement or color Separation is done for this tetrahedron T1. 
0075) Except for the black point (0,0,0), the correspond 
ing colorant values in colorant space of the end-points of 
these axes are actually already determined by the way the 
trajectory space was defined. Indeed, white (w) is obviously 
printed with no ink at all. Yellow (Y) is printed with 100% 
of the yellow colorant and red (R) is printed with a combi 
nation of 100% of both the yellow and magenta colorants. 
0076. The situation is not so obvious for the dark neutral 
point (Black). In most printing processes, the dark neutral 
color is the one that requires the largest total amount of 
colorant. This point is hence critical with regard to the 
possible constraints. 
0077. E.g. in a representative printing process the maxi 
mum amount of colorant, and thus the Sum of colorant 
values in colorant Space, is, for reasons of colorant absorp 
tion limitations, restricted to 280%. It can be experimentally 
Verified that for Such a representative printing process the 
darkest neutral color that contains 280%. of colorant, is 
obtained by printing a combination of 100% black ink with 
approximately of 70% cyan, 60% magenta and 50% yellow 
colorant. 

0078 Small deviations from neutrality of the color are 
not important at this point, Since besides the colorant man 
agement Step a color management Step or color correction 
can be provided. That is why an experimental procedure is 
sufficient to determine the values for this point. 
0079. After determining the CMYK values for the end 
points of the neutral, cyan and blue axes, curves are given 
defining how the colorant values in colorant Space change 
along the trajectory between these end-points. There are a 
few considerations when defining these curves, most of 
them dealing with trade-offs. 
0080 Take for example the red axis. According to the 
example above, the colorant behavior is determined by four 
curves, one curve for each colorant of the CMYK system. 
For this axis following values are known: 

Cyan curve 
Magenta curve 
Yellow curve 

starting at 0.7 
starting at 0.6 
starting at 0.5 

(black point) to 0.0 (full red), 
(black point) to 1.0 (full red), 
(black point) to 1.0 (full red) and 
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-continued 

Black curve starting at 1.0 (black point) to 0.0 (full red). 
Several options exist toconstruct a continuous curve to connect the 

starting point to the end-point. 

0081. According to a first strategy, shown in FIG. 4. In 
FIG. 4 the horizontal axis represents the value along the axis 
in trajectory Space while the Vertical axis indicated the 
colorant value for the colorants used to represent the color 
in trajectory Space. It Can be seen that the darkening of the 
red color from maximum red intensity to black (right to left) 
is achieved primarily by increasing the cyan colorant value, 
leaving the black colorant at low values except near the very 
darkest neutral where it is forced to Sharply increase So that 
it reaches its end-value of 100% black colorant. Since the 
addition of cyan colorant not only darkens a red color, but 
also desaturates it, this Strategy will Somewhat restrict the 
color gamut that is achieved. 
0082) A second possible approach for defining colorant 
behavior along the red axis is illustrated in FIG. 5 and 
consists of darkening the red color primarily by adding black 
colorant. Using this approach addresses the theoretically 
achievable color gamut more optimally, but the trade off 
now is that, in the case of halftone printing, the black 
Separation introduces potentially disturbing geometrical 
interferences with the cyan and magenta Separations, leading 
to increased grainineSS and moire. The exact shapes merely 
represent different options and trade-offs. Whatever strategy 
is used, it is obvious that the requirement of monotonousness 
along a degrade from red to dark neutral is easily met, 
Simply by defining monotonous curves between the end 
points. The constraint of the maximum total amount of 
colorant or maximum Sum of values is also easily achieved, 
because at each point along the trajectory from red to 
dark-neutral, the total amount of colorant can be calculated 
and the Separation curves are easily Set in a way that this 
limit is nowhere exceeded. 

0083) A third possibility is illustrated in FIG. 6 where the 
use of the black colorant is average when darkening from red 
to black. 

0084. A similar reasoning can be made for the yellow 
axis. The trade-off will not necessarily be the same. For the 
yellow axis, for example, it may very well be more impor 
tant to minimize moire and grainineSS than to optimize color 
gamut. In FIG. 7, a possible definition for the separation 
curves for the black to yellow axis is shown. 
0085. The colorant behavior along the neutral axis is a 
Special case. There is the option to print a neutral color 
primarily with a combination of cyan, magenta and yellow 
inks as depicted in FIG. 8 or to use primarily the black 
colorant as illustrated in FIG. 9. The second approach leads 
to a more robust color balance in the presence of instability 
of the printing process and to a lower average ink consump 
tion, but because the black ink causes Stronger interferences 
with the other separations, the near-neutral colors will 
appear more grainy and moire will be more apparent. A 
lower use of the black colorant as illustrated in FIG. 8, on 
the other hand, increases the total ink consumption and 
makes the color balance more affected by printer instability, 
but results in Softer and less grainy tints. In most practical 
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cases, preferably a strategy is Selected that lies. Somewhere 
in between the two above Strategies, Such as for example the 
CMYK curves depicted in FIG. 10. 
0086) Having now defined the CMYK colorant values in 
colorant Space along the red, yellow and neutral axes of 
tetrahedron T1 spanned by one axes in trajectory Space, the 
next problem to be solved is how to calculate the values for 
the colorants for a point that falls inside the tetrahedron T1. 
For this purpose, following method can be applied which is 
first explained graphically and then Supported by means of 
numerical formulas. 

0087. The point p in FIG.11 is situated in the tetrahedron 
T1. 

0088 First a plane is constructed that is parallel to the 
plane defined by the points R, Y and W, and the values in 
trajectory Space for the trajectory points forming the inter 
Section p1, p2 and p3 of the plane with the red, yellow and 
neutral axes are calculated. For each of these three trajectory 
points p1, p2 and p3 it is possible to obtain corresponding 
CMYK colorant values CMYK, CMYK and 
CMYKs (generally CMYK)from the separation 
curves e.g. shown in FIGS. 6, 7 and 10. 
0089 An interpolation step can be used to determine the 
CMYK values for point p based upon the values in trajectory 
Space for points p, p1, p2 and p3 and the corresponding 
colorant values for p1, p2 and p3. FIG. 12 shows how the 
interpolation weights are determined: 

A1 is the area of the triangle defined by p, p2 and p3 in 
trajectory space. 

A2 is the area of the triangle defined by p. p1 and p3 in 
trajectory space. 

As is the area of the triangle defined by p, p1 and p2 in 
trajectory space. 

0090 The interpolation weights are equal to 

w'+W,+W,'=1 

0091. The interpolation of the cyan colorant value C from 
the colorants C, C, and C obtained along the red, yellow 
and neutral axes is done using the following formula: 

0092. The above graphical explanation is now Supported 
by a numerical derivation: 
0093. The CMYK colorant values for an RGB point in 
tetrahedron T1 are interpolated from the CMYK colorant 
values along the neutral axis, the red axis, and the yellow 
axis. These curves are denoted by fa, where I Stands for the 
ink used, and A Stands for the axis used, e.g. fin describes 
the generation of cyan along the neutral axis, f describes 
the generation of black along the yellow axis, etc. 
0094) A point p=(R,G,B) in tetrahedron T1 can be 
expressed as the Sum of the three independent vectors 
(1,0,0), (1,1,0) and (1,1,1): 

p=w (1,0,0)--w, (1,1,0)--ws (1,1,1), 
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0.095 with 
w=(R-G), w=(G-B), w=3. 

0.096 Assuming that Rs 0, we can reorganize the above 
expression as: 

0098. This formula has the following meaning: the point 
p can be expressed as the weighted Sum of three trajectory 
points p1, p2 arid p3: 

0099 Point p1, situated a distance R along the red 
axis, having the co-ordinates (R,0,0,.) 

0100 Point p2, situated a distance R along the 
yellow axis, having the co-ordinates (R,R,0) 

0101 Point p3, situated a distance R along the 
neutral axis, having the co-ordinates (R,R,R) 

0102) The sum of the weights w'--w'+w'=1. 
0103) These weights are called the “barycentric coordi 
nates” of the point p=(R,G,B) in the triangle p1...p2p3. The 
CMYK colorant values for the point p are then determined 
by 

0105 More generally, for any point p=(R,G,B)z(0,0,0) in 
any of these 6 tetrahedrons: 

0106 where A1 =red, green, or blue, and A2=yellow, 
magenta, or cyan according to in which tetrahedron the point 
p is located. 
0107 The current technique allows in principle to control 
the colorant values along 28 curves and thus gives a large 
degree of control over the ink generation proceSS. Different 
values of black colorant can be used for reproduction of 
trajectory points along the 7 axes of the trajectory Space. 
This demonstrates that our new method enables to control in 
an elegant, flexible and robust manner the use of the black 
colorant to manage the trade-offs and constraints, as they 
exist in the color Separation problem. 

0108. In the above described embodiment a plane is 
constructed in T1 which is parallel to the plane defined by 
the points R, Y and W, to calculate the values for the 
trajectory points forming the interSection p1, p2 and p3 of 
the plane with the red, yellow and neutral axes. It can be 
understood that it is not necessary that this plane has this 
defined direction. Theoretically any plane containing the 
point p and interSecting the red, yellow and neutral axis can 
be used. However, preferably the values of the obtained 
trajectory points p1, p2 and p3 are close to the value of point 
p in trajectory Space. Slanted planes containing p may give 
rise to largely deviating values and colorant values for the 
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trajectory points resulting in deviating colorant values for 
the given color for which colorant values need to be deter 
mined. 

0109 Preferred Method of Colorant Generation Step for 
Printing with Multiple Colorants having the Same Color, but 
Different Densities 

0110. In order to reduce the graininess in halftoned image 
reproduction, certain printing processes rely on Sets of 
colorants having the same hue but with different densities 
The use of colorants with different densities enables to 
reduce the contrast of the halftones and makes the grainineSS 
leSS apparent. We will explain that our invention can advan 
tageously be used in combination with neutral colorants 
having a multiple densities or in combination with colored 
colorants having multiple densities. 
0111) Multiple Gray Colorants 
0.112. When printing with multiple gray colorants instead 
of with a single black ink in order to reduce grainineSS, we 
can follow the above procedure to make first a set of CMYK 
Separations, and then perform a colorant splitting Step to 
split the value of the K colorant into N values for the gray 
colorants K,..., KN Preferably the Sum of the N colorants 
should stay below a certain predefined limit, because piling 
up too many colorants at a given pixel location may affect 
the printability of the Separated image. 
0113. A set of prototypical ink curves for a process with 
two neutral colorants—one gray K and one black K--and 
a total amount of colorant limitation of K+K=1.0 is shown 
in FIG. 13. 

0114. In yet another embodiment, we do not perform an 
ink Splitting after doing the four color Separation, but make 
directly a (3+N)-color separation, by Specifying how C.M., 
YK, . . . , KN vary along the Seven axes in the RGB cube 
and using the Same interpolation method as for the 4-colour 
Separation above. In this way we are able to Specify different 
usage of the gray inkS along the different axes, e.g. we may 
want a behavior along the neutral axis different from that 
along the color axes. 
0115 Multiple Cyan and Magenta Colorants 
0116 Light cyan and light magenta colorants are Some 
times used in addition to the Standard colorants to reduce 
grainineSS in inkjet printing. It is perfectly possible to use 
our invention in combination with the colorant-splitting 
method that was explained for multiple gray colorants for 
this purpose. 

0.117) However, apart from using it to reduce graininess, 
the light cyan and magenta colorants can also be used to 
expand the printable gamut of the printing process by 
allowing the overprinting of light and dark colorants of the 
same hue. Printing the lighter colorant on top of 100% of the 
darker colorant of the same hue results in more Saturated 
colors with higher densities, compared to printing with just 
the dark colorant. 

0118 Overprinting light and dark colorants of cyan or 
magenta causes no problem at the cyan point (0,1,1) or 
magenta point (1,0,1) of the RGB cube, because the total 
amount of colorant cannot exceed 200% for these colors. A 
problem, however, may occur in the red, green and dark 
neutral colors. The addition of light cyan and magenta on top 
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of the dark cyan and magenta colorants in the presence of 
yellow and black colorant in these parts of the color gamut 
may result in a total amount of colorant i.e. the Sum of 
colorant values that exceeds what a particular printing 
proceSS can handle, for example due to limitations of the 
total amount of colorant that the Substrate can absorb. 

0119) Therefore we outline an embodiment of our inven 
tion that allows using light cyan and magenta colorants for 
the purpose of reducing the grainineSS and expanding the 
printable gamut, while the restrictions on the total amount of 
colorant in the red, green and neutral colors are still 
respected. 

0120 In what follows we concentrate on the case of the 
cyan colorants, but an identical reasoning can be made for 
the magenta colorants. 
0121 The new method uses, in addition to the colorant 
splitting curves that convert the original cyan (C) into to 
light and dark cyan, a curve that controls an additional boost 
of the light cyan colorant in certain parts of the color gamut. 
In FIG. 14, this curve is indicated as LCB (light cyan boost). 
A given original cyan (C) value is split into an amount of 
dark cyan “dc' that is indicated by the DC curve, while the 
amount of light cyan “lc' is determined by the amount 
indicated the LC curve or the Sum of the two curves LC and 
LCB-depending on where the color is located in the 
printable gamut. The amount of light cyan colorant boost is 
made color dependent. In practice, the light cyan colorant 
boost will be maximal for the color with co-ordinates (0,1,1) 
in the RGB intermediate space, and will be reduced for 
colors are either leSS Saturated or have a different hue. 
Preferably a boost is only provided for colors that belong to 
either of the two tetrahedrons T4 and T6 indicated in FIGS. 
3B and 3C that share the black to cyan axis in the RGB 
intermediate Space. This can be exemplified by means of the 
following formulas: 
0122) If a color RGB belongs to tetrahedrons: T1, T2, T3 
or T5, no light cyan boost is provided: 

lc=LC(C) 

0123. If a color RGB belongs to the tetrahedron: T4, a 

0.124 BF is a constant and controls the “boost factor”, 
while W" and wa" refer to the interpolation weights as they 
were defined in one of the previous embodiments. The green 
co-ordinate “G” in the formula for “lc' suppresses the 
amount of light cyan colorant boost for colors in the tetra 
hedron T4 that are darker, while the factor (w'+w") Sup 
presses the amount of light cyan colorant boost for colors in 
the tetrahedron T4 that are either less Saturated or that have 
a hue that differs from cyan. 
0.125 If color RGB belongs to tetrahedron T6, also a light 
cyan boost is provided: 

0.126 w' and w' refer to the interpolation weights as 
they were defined in one of the previous paragraphs. The 
blue co-ordinate “B” in the formula for “lc' suppresses the 
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amount of light cyan colorant boost for colors in the tetra 
hedron T6 that are darker, while the factor (w'+w.") Sup 
presses the amount of light cyan colorant boost for colors in 
the tetrahedron T6 that are either less Saturated or that have 
a hue that differs from cyan. 
0127. In this way, an increase of the light cyan colorant 
is Selectively obtained for colors in the trajectory Space that 
correspond with, or are nearby the cyan color, while there is 
leSS or no increase of light cyan colorant in colors that are 
darker, more neutral, or have a hue that differs from cyan. 
0128. Take for example the RGB point with co-ordinates 
(0,1,1). The original cyan value C for this point is 1.0. This 
point is common to the tetrahedrons T4 and T6, So we can 
use either formula. Since for this point obviously w'=0, it is 
found that w"+w'=1.0. Using the curves in FIG. 14, and 
assuming that the boost factor BF equals 0.9, this results in 
values for the light cyan “lc' and dark cyan “dc': 

0129. Without the light cyan boost, there would have 
been only dark cyan in this part of the color gamut. 
0.130 Multiple Cyan and Magenta Colorants 
0131) If a printer is used that is capable to print on the 
Same pixel position more than once with the same colorant, 
the above method can be used to increase the density the 
Saturated colors and expand the printable color gamut of the 
printer. This is achieved, for example, by Selectively boost 
ing the colorant values or amounts of colorants when 
printing the cyan, magenta and yellow colorants to 200%, 
reducing the amount of boost to 50% for the printing of red 
green and blue colors So that the total values of colorant do 
not exceed 300%, and reducing the amount of boost even 
more for darker and lesser Saturated colors in order to 
respect the restrictions on the allowable total amount of 
colorant of the printing process. 
0132) Preferred Method of Colorant Generation Step for 
Printing in Combination with Colorant Component Replace 
ment 

0133. In certain instances it is desirable to use one or 
more colorants in addition to the standard set of CMYK 
colorants. A first reason for this can be to increase the 
Stability of a particular color by rendering this color with its 
own Specific colorant instead of relying on a correct balance 
between the CMYK printers. This is often the case in the 
package printing industry. Another argument could be to 
expand the printable gamut by using additional colorants 
having higher Saturation at certain hues than can be achieved 
with standard CMYK colorants. An example of such a 
printing System is the Hexachrome (registered trade-mark) 
Set of printing inks, which is marketed by the company 
Pantone (registered trade-mark) and includes bright orange 
and green inkS. For reasons of generality and convenience, 
we refer in what follows to any of the additional colorants 
as a “complementary colorant” (CC). 
0.134. In most cases a set of CMYK colorant values exists 
that is considered being equivalent with the complementary 
colorant. The “Pantone Matching System” (registered trade 
mark), for example, provides for a large set of complemen 
tary inks the matching combinations of CMYK ink values. 
According to the this system the dark brown ink Pantone 
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CVC 464, for example, is equivalent with a combination of 
47% cyan, 65% magenta and 100% yellow inks. 

100% Pantone OVO 464 46%. C 65% M 100% Y 0%. K 

0135 We explain now that our novel separation method 
can be used in combination with complementary colorants. 
For this, we introduce the following notations: 

0.136 CCR is a “colorant component replacement 
factor', ranging from 0.0 (no colorant component 
replacement) to 1.0 (100% colorant component 
replacement). 

0.137 cc is the amount of complementary colorant 
that is used to print a given color. 

0.138 C., M., Y, K are the CMYK colorant 
values obtained using the first embodiment of our 
invention 

0.139) C. M. Y., K. are the CMYK colorant 
values that match 100% of the complementary colo 
rant CC 

0140 C, Mew, Yew, Kew are the CMYK colo 
rant values after the colorant component replacement 
Step has been performed. 

0.141. The colorant component replacement operation 
consists of first determining the colorant component replace 
ment factor CCR, then Setting the amount of complementary 
ink equal to this value, and next Subtracting the equivalent 
portion from the original CMYK colorant values. The pro 
cedure is exemplified by the following formulas: 

m=min(Co-CeMo-Me Yo-YKo-Ke) 
if(ms0.0)CCR=1.0 else CCR=1.0+m 

Mew=M-CCRMs 
Yew=Y-CCRY. 
Knew=Ko-CCR'Ke 

0142 Take for example the colorant component replace 
ment on a color of which the original ink values are 60% C, 
60% M, 60% Y and 60% K, and where the complementary 
ink is the Pantone CVC 464 ink. The value of m in that case 
is -0.4 and the colorant component replacement factor 
CCR=0.6. The amount of complementary ink is set to 0.6 
and the new CMYK values become: 

Me=0.6-0.6* 0.65=0.21 

Yew-0.6-0.6* 1.00=0.00 

K=0.6-0.6*OOO=0.60 new 

0143 A further improvement consists of making the 
colorant component replacement factor dependent on the 
color that is to be separated. For this purpose an approach 
can be followed that is similar to the method of making the 
light colorant boost color dependent. We explain now how 
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the red ink in the Pantone Hexachrome (registered trade 
mark) can be handled using this system. The Specification of 
this ink as a function of CMYK values is: 

100% Pantone Hexachrome Orange CVCO% C76% M 
97% Y 0%. K 

0144. According to our invention, the colorant compo 
nent replacement is made color dependent. Since the red axis 
is only shared by the tetrahedrons T1 and T2 (see FIGS. 3B 
and 3C), no colorant replacement is done for colors that 
belong to the other tetrahedrons. For a color that belongs to 
either T1 or T2, the colorant replacement is reduced for 
colors that are leSS Saturated or have a hue that differs from 
red. This effect is, for example, achieved by Specifying a 
new colorant component replacement factor CCR' that is 
obtained from the original colorant replacements using the 
next formula in which W1" is the interpolation weight as 
defined in one of the previous embodiments of our inven 
tion: 

0145 According to yet another embodiment, the colorant 
component replacement is modulated as a function of the 
value of the red component of the color by means of a 
colorant component modulation curve CCR modulation(R) 
such as the one depicted in FIG. 15. The modulation by 
means of the colorant component replacement modulation 
curve and the modulation by the Saturation and hue of the 
color can of course also be compounded, for example by 
multiplying the two modulation coefficients. The following 
formula shows an example of how this can be done. 

CCR'-CCR*w,"* (CCR modulation(R)) 
0146 AS described above for the multiple black-gray 
level components it is possible not to perform an ink 
splitting, color boost, under color removal (UCR) or ink 
replacement after doing the four color Separation, but make 
directly a (3+N)-color separation, by Specifying how C.M., 
YX1, ..., XN vary along the Seven axes in the PGB cube 
and using the Same interpolation method as for the 4-colour 
separation above. The specification of ink behavior for 
C.M.,Y,X, ..., XN has to include characteristics resulting 
in the same result obtained by color boost, under color 
removal, colorant replacement and color splitting after color 
Separation. 

0147 In this way we are able to specify different usage of 
all the used inks for the final reproduction along the different 
axes, e.g. we also may want a behavior along the neutral axis 
different from that along the color axes. 
0.148. Of course it is also possible not to include one or 
more of the used inks and Still use a replacement or ink 
Splitting Step as mentioned above afterwards. 
0149 Preferred Embodiment for the Colour Correction 
Stage 

0150. In the previous paragraphs, we have concentrated 
on the Separation of RGB values in the trajectory Space into 
colorant valueS or colorant management Step. Since the 
RGB values in the trajectory space have no well-defined 
colorimetric interpretation, an additional color correction 
Stage or colorimetric management Step is likely to be nec 
essary for faithful reproduction of photographic images. 

0151 AS FIG. 1 shows, the purpose of the color correc 
tion Step is to transform a set of colorimetrically defined 
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values (TR,TG,T) into a set of (R,G,B) values in the 
trajectory Space that, when Separated using a method accord 
ing to the present invention and printed, render exactly the 
color represented by the colorimetric values. The colori 
metrically defined values (TR,TG.TB) can, for example, be 
RGB tristimulus values, or sRGB values, or XIE XYZ 
values or even CIE L*a*b* values. 

0152. In order to achieve our goal, we use the method that 
we are explaining next. 
0153. Creation and Printing of a Test Chart 
0154) The first step in our new method consists of deter 
mining a number of points in the trajectory Space that are a 
representative Sampling of this space, and printing test 
patches that correspond with these RGB values. The sam 
pling is preferably ordered, meaning that all the points are 
laid out on a three-dimensional RGB grid. Such a grid can, 
for example, consist of all the possible combinations of n1 
values between 0.0 and 1.0 of the R co-ordinate, n2 values 
between 0.0 and 1.0 of the G co-ordinate, and n3 values of 
the B co-ordinate. This leads to n1n2n3 combinations of 
RGB colors that can be separated into colorants using one of 
the previous embodiments according to the invention and 
then printed. This could take the form of a regular grid being 
a ordered set of 3x3x3 “stimuli' in trajectory space as 
represented in FIG. 16A. 
O155 The colorimetric values in color space of the 
printed patches are measured with a calorimeter or a spec 
trophotometer, Such as marketed by the company X-rite of 
Gretag. At this stage we have available a list with n1n2n3 
pairs of three-dimensional co-ordinates. FIG. 16B shows the 
corresponding Set of 3x3x3 measured “responses” in a 
colorimetrically defined Space. 
0156 Modeling the Relation Between the Stimulus and 
Response Spaces 

O157 The next stage consists of mathematically model 
ing the relation between the Stimulus and response Space. We 
have found that the triangulation of the Stimulus Space offers 
an elegant approach to achieve this purpose. Every hexahe 
dron or cube in the stimulus space in FIG. 16D can be 
Subdivided into 6 tetrahedrons, much like in FIG. 3 of the 
pending application. As FIG. 17 demonstrates, the four 
Vertices of every tetrahedron in the three-dimensional Stimu 
lus Space map onto a corresponding Set of four vertices in the 
three-dimensional response Space and Vice versa. This 
means that for every (non degenerate) tetrahedron a set of 
3x3 linear equations exists with three by four coefficients 
that map exactly the co-ordinates the Vertices of a tetrahe 
dron in one Space onto the Vertices of the tetrahedron in the 
other Space. 

B=a+a-TR-a-TG+as TB 

0158 What these equations express is what the (R,G,B) 
values in the trajectory Space are to be in order for the printer 
to produce a color inside the tetrahedron which has the 
colorimetrically defined values (TRTG.TB). We call these 
equations the “color correction equations'. 

0159) The coefficients at in the above equations are easily 
determined from Solving three Sets of four equations. For 
example the coefficients aoo, ao, ao and aos are determined 
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from the next set of equations in which TR, TG and TB; 
with i ranging from 0 to 3 refer to the tristimulus values of 
the four vertices (p1.p2p3.p4) of a given tetrahedron while 
R1, R2, R3 and R4 refer to the R co-ordinates of the 
corresponding points of the same tetrahedron in the inter 
mediate RGB space. 

0160 Colorimetric Correction 
0.161 According to our invention, this leads to the fol 
lowing procedure for the Separation of a color, defined as a 
Set of color values in a color Space into values of colorants. 
Given the (TRTG.TB) colorimetrically defined values of a 
printable color in color Space, So first determine to which 
one of the 6* n1n2n3 tetrahedrons this color belongs. Next 
use the color correction equations with the appropriate Set of 
coefficients to calculate the (R,G,B) values in the trajectory 
Space. Then Separate the (R,G,B) color in trajectory space 
into colorant values in colorant Space determining the values 
for the colorants using one of the embodiments according to 
the invention that were previously described in this appli 
cation. 

0162) Determining to Which Tetrahedron a Printable 
Colour Belongs 
0163 To determine if a printable color p in color space 
with co-ordinates (TR,TG.TB) belongs to a tetrahedron 
defined by the non-coplanar points p1.p2p3.p4}, it is 
sufficient to evaluate if the point falls on the same side with 
regard to the four planes defined by p2p3.p4}, (p1p3.p4), 
(p1.p2p4) and (p1.p2p3) as another point of which is it is 
known that it belongs to the tetrahedron, Such as the center 
of gravity of the tetrahedron. To determine if this condition 
is met, the four equations ATR--BTG+CTB+D (i-1,2,3,4) 
that correspond with these four planes are evaluated. If the 
evaluation of the four planar equations yields values with the 
Same sign as the center of gravity of the tetrahedron, it 
means that the point belongs to the tetrahedron under 
consideration. 

0164. If one or more of the equations yields a value that 
is different, it means that the color (TR,TG.TB) lies outside 
the tetrahedron under consideration and that a different 
tetrahedron is to be searched to which the point belongs. It 
is possible to Significantly Speed up this Search by consid 
ering that, every time a point (TR,TG.TB) is found to be at 
the “wrong' Side of a plane of a tetrahedron under consid 
eration, this means that all the other tetrahedrons of which 
the points fall on this “wrong side should not be further 
considered as candidates. For the next candidate tetrahedron, 
preferably the neighbor tetrahedron is selected of which all 
the points are on the “right' sides of the planes of the 
previous tetrahedron under consideration. Using this 
approach the Search quickly converges to the tetrahedron to 
which the point belongs. 

0165 Dealing with Non Printable Colors 
0166 In the previous derivation it was implicitly 
assumed that the color that is to be separated is indeed 
printable and that a tetrahedron can be found in the colori 
metric response Space to which the color belongs. Some 
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times, however, an original image may contain colors that 
are not printable. In that case the color correction and 
Separation Step should be preceded by a “color gamut 
mapping and or clipping Step. Most of these gamut clipping 
and mapping Strategies rely on an explicit representation of 
the color gamut. Since our new color Separation method 
includes a triangulation of the printable gamut, Such a 
representation is already implicitly present and it can be 
easily used for the purpose of gamut mapping and clipping. 
A description of the State-of-the-art methods to do color 
gamut mapping is beyond the Scope of this application, and 
can be found in the article "Optimizing Gamut Mapping: 
Lightness and hue adjustments” by Patrick G. Herzog and 
Hendrik Buring, the article "Applying Non-linear Compres 
sion to the Tree-dimensional Gamut Mapping” by Naoya 
Katoh and Masahiko Ito, and the article “General Purpose 
Gamut Mapping Algorithms: Evaluation of Contrast Pre 
Serving Rescaling Functions for color Gamut Mapping” by 
Gustav J. Braun and Mark D. Fairchild, all published in the 
Journal of Imaging Science and Technology, Volume 44, 
Number 4, July/August 2000. Another article is “Gamma 
Compression Gamut Mapping Method Based on the Con 
cept of Image-to-Device” by Hung-Shing Chen, Minoru 
Omamiuda and Hiroaki Kotera, published in the Journal of 
Imaging Science and Technology, Volume 45, Number 2, 
March/April 2001. 

0167. Non Ordered Set of Stimuli 
0.168. Several variations exist on the described color 
correction procedure. It is, for example not strictly required 
that the set of “stimulus' colors in the test chart be ordered. 
If Such is the case, a Delaunay triangulation Scheme can be 
used to calculate the tetrahedrons to model the Stimulus and 
response Spaces of the printer. 

0169. Use of Polynomials for Colour Correction 
0170 Besides using triangulation techniques, it is also 
possible to use polynomials to achieve color correction. A 
first Solution consists of using a set of three higher order 
polynomials to transform (TR,TG.TB) into (R,G,B) values. 
An example of Such a polynomial is presented in the next 
formula: 

(0171) The coefficients at are determined by using a linear 
regression technique on the list with Stimulus-response pairs 
obtained from the test chart. The stimuli can be ordered or 
non-ordered in this case. If more precise color correction is 
required, higher order terms are added to the polynomial. 

0172 Another way of using polynomials for color cor 
rections starts from an ordered set of n1n2n3 stimuli in the 
trajectory space. Such a set defines (n1-1)*(N2-1)*(n3-1) 
hexahedrons. For each hexahedron a Set of three equations 
can be defined that predicts the colorimetric values (TR.TG, 
TB) from the (R,G,B) values in the trajectory space and has 
the following form: 
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a R.G.B 

(0173) The coefficients at are unique for each hexahedron 
and are Such that the equations give exact predictions for its 
eight vertices. They are calculated by Solving three Sets of 
8x8 linear equations. For example, the coefficients ao are 
calculated from the TR and (R,G,B) values corresponding 
to the eight vertices of a given hexahedron by Solving the 
following Set of linear equations: 

aG8.B8+aR8.G8.B8 

0.174 Color correction is achieved by first determining to 
which hexahedron a color (TR,TG.TB) belongs, and then 
Searching what (R,G,B) values produce the desired color 
(TR,TG.TB). For this purpose three-dimensional numerical 
Newton Raphson iteration can be used or, alternatively, the 
above Set of equations can be converted into a sixth degree 
one-dimensional polynomial of which the Six roots are 
determined using one of the robust root-finding techniques 
as presented in the book “Numerical Recipes in C” by 
William E. Press, Brian P. Flannery, Saul Teukolsky and 
William T. Vetterling and published by Cambridge Univer 
sity Press. Since the approach resembles the use of “three 
dimensional Neugebauer equations with localized coeffi 
cients', we refer for the details to the article “Inversion of 
the Neugebauer Equations” by Mahy and Delabastita. 
0.175. A disadvantage of the polynomial approach to do 
color correction is that a separate algorithm is necessary to 
obtain an explicit representation of the printable color gamut 
for the purpose of gamut mapping and clipping. Another 
disadvantage is that no Straightforward Search algorithms 
exist that enable to find to which hexahedron a color 
(TR,TG.TB) belongs. A possible-indirect-solution is to 
first find to which tetrahedron the color belongs using the 
method in another embodiment of pending application. The 
hexahedron to which this tetrahedron belongs is also the one 
to which the color belongs. 
0176) Other Preferred Embodiments 
0177 Besides the ones discussed in our preferred 
embodiments, many more variations also exist to manipulate 
colorants as a function of the original CMYK colorants or 
the position in the intermediate RGE color Space, all of 
which fall within the scope and the spirit of our invention. 
For the purpose of clarity and completeness, we have 
included FIGS. 18 and 19, which give an overview of two 
additional embodiments of our new separation technique. In 
FIGS. 18 and 19 the color spaces were generalized and 
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comprise Spaces with a number of dimensions that is dif 
ferent from three. An example of Such a color Space could, 
for example, be the Spectral representation of a color. 
Specifically mentioned to be one of the embodiments is the 
conditioning of the gradation of the colorant channels by 
means or one-dimensional functions So that the colors 
produced by the colorant generation Step are more uniformly 
distributed. 

0178 While the present invention will hereinafter be 
described in connection with preferred embodiments 
thereof, it will be understood that it is not intended to limit 
the invention to those embodiments. 

0179 Alternative Embodiments 
0180. In the above preferred embodiments the trajecto 
ries along which ink behavior is defined consist of Seven 
different trajectories or axes in the trajectory Space: The 
neutral axis, the red axis, the green axis, the blue axis, the 
yellow axis, the magenta axis and the cyan axis. These is a 
Specific method using Seven trajectories dividing the trajec 
tory Space in Six different tetrahedra using Straight lines 
along specified directions. 
0181. However, it is clear to a person skilled in the art 
that the trajectories along which ink behavior is defined 
could be Straight lines having other directions. These lines 
can possible divide the trajectory Space into tetrahedra 
having orientations differing from these of the preferred 
embodiment. 

0182. The number of trajectories is also variable. It is 
possible using only two trajectories, e.g. in a System using 
only two colors wherein the colorimetric Space can be 
considered as two-dimensional. It is also clear that the 
number of trajectories has no upper limit. By defining the 
ink behavior along more trajectories, the color Separation 
Step will become more accurate. Tough it is clear chat the 
choice of the number of trajectories is a trade-off between 
accurate description of ink behavior over trajectory Space 
and keeping the amount of data and decision Steps in 
determining the resulting colorant values for a given color in 
trajectory Space in control. 

0183 Hitherto all trajectories are described as being 
Straight lines or axis, however this is no requirement. When 
defining the ink behavior along two- or three-dimensional 
curves it is also possible to determine trajectory points 
having a set of values in trajectory Space with corresponding 
colorant values in colorant Space and to determine color 
Separation for a given color using these values by e.g. 
interpolation. 

0184 The term trajectory includes al possible trajectories 
and is clearly not limited to Straight lines or two dimensional 
CUWCS. 

0185. In order to allow easy determination of the colorant 
values for a given color in trajectory Space the trajectories 
can have a common point of interSection but this is not 
necessary. Methods determining colorant values from non 
interSecting trajectories can be constructed. A possible 
method could use e.g. the defined colorant values from four 
trajectory points lying on four parallel trajectories forming 
the ribs of a geometrical cubic prism. An interpolation could 
be made including the values and corresponding colorant 
values of the four trajectory points. 
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0186 To use the method a dedicated apparatus can be 
constructed for executing the StepS according to the present 
invention. More conveniently a computer program is used to 
execute the Steps of the method on a computing device Such 
as e.g. a Personal computer or the like. Accordingly, the 
present invention includes a computer program product 
which provides the functionality of any of the methods 
according to the present invention when executed on a 
computing device. 
0187. Having described in detail preferred and several 
alternative embodiments of the current invention, it will now 
be apparent to those skilled in the art that numerous modi 
fications can be made therein without departing from the 
Scope of the invention as defined in the appending claims. 

1. Method for Separating a color, defined as a set of values 
in a trajectory space, into colorant values (C1, C2, ..., CN), 
for N colorants in colorant Space comprising the Steps of: 

defining in Said trajectory Space at least two trajectories 
comprising trajectory points (px), each said trajectory 
point (px) having: 
a set of values in trajectory Space and 

corresponding colorant values (C1 C2, . . . CN) for 
Said N colorants in colorant space for Said Set of 
values of Said trajectory point, 

determining for said color said colorant values (C1,C2, . 
. . CN) for said N colorants using an interpolation 
technique based upon: 

Said Set of values in trajectory Space for Said color, 
Said Set of values in trajectory space and their corre 

sponding colorant values (C1, C2, ... CN) for said 
N colorants of at least two trajectory points (px). 

2. The method,according to claim 1 wherein Said trajec 
tory Space is three-dimensional. 

3. The method according to claim 2 wherein the number 
of Said trajectories is equal to Seven. 

4. The method according to claim 1 wherein at least one 
of the trajectories is a Straight line. 

5. The method according to claim 4 wherein the trajec 
tories comprise at least one of the following Straight lines: 

the line connecting black to white 
the line connecting black to yellow 
the line connecting black to magenta 
the line connecting black to cyan 

the line connecting black to red 
the line connecting black to green 

the line connecting black to blue 
6. The method according to claim 1 wherein Said inter 

polation technique comprises the following Steps: 

dividing Said trajectory Space in which said trajectories 
are defined into non-overlapping Sub-volumes Spanned 
by Said trajectories, 

determining the location of Said color (p) in one of Said 
Sub-volumes, 
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determining from Said location at most one trajectory 
point (px) on each of Said trajectories spanning said 
Sub-volume, 

expressing Said colorant values for Said color as a function 
of the colorant values (C1 C2, ... CN) correspond 
ing to said trajectory points (px) determined in the 
previous Step. 

7. The method according to claim 6 wherein said function 
is a weighted mean. 

8. The method according to claim 6 wherein Said trajec 
tories are Straight lines and Said Sub-volumes are tetrahedra 
Spanned by these lines. 

9. The method according to claim 8 wherein each tetra 
hedron (T1, T2, . . . , T6) contains the points representing 
black and white in trajectory Space. 

10. The method according to claim 9 wherein the weights 
of Said weighted mean are barycentric co-ordinates of the 
color in a triangle containing said color location (p) and said 
triangle being specified by three trajectory points (p1, p2, 
p3), one on each trajectory spanning said tetrahedron. 

11. The method according to claim 10 wherein said 
triangle is parallel to the tetrahedron plane opposite to the 
interSection point of the trajectories Spanning the tetrahedron 

12. The method according to claim 1 wherein said N 
colorants are Cyan (C), Magenta (M), Yellow (Y) and Black 

13. The method according to claim 1 wherein said N 
colorants are Cyan (C), Magenta (M), Yellow (Y), Black 
(K), light Magenta (LM) and light Cyan (LC). 

14. The method according to claim 1 wherein the N 
colorants are Cyan (C), Magenta (M), Yellow (Y), Black 
(K), orange (O) and green (G). 

15. The method according to claim 1 further comprising 
the Step of replacing at least partially at least one of the 
values of said N colorants determined for said color by at 
least one value of a replacement colorant. 
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16. The method according to claim 15 wherein the 
replacement of at least one amount of N colorants is color 
dependant. 

17. The method according to claim 1 wherein at least one 
of Said determined colorant values is corrected by means of 
a one-dimensional gradation correction Step. 

18. Method for separating a color, defined as a set of color 
values in a color space, into colorant values (C1, C2, ..., 
CN) for N colorants in colorant space comprising the Steps 
of: 

converting Said Set of color values in a color-correction 
Step into a set of values defining Said color in a 
trajectory Space; 

determining for said color a set of colorant values (C1, 
C2, ..., CN) in colorant space based upon said set of 
values in trajectory Space using a method according to 
claim 1. 

19. The method according to claim 18 wherein the color 
correction Step is based on a triangulation of a Set of 
calibration points that is ordered in Said trajectory Space. 

20. The method according to claim 18 wherein the color 
correction Step is based on a triangulation of a Set of 
calibration points that is non-ordered in Said trajectory 
Space. 

21. The method according to claim 18 wherein the color 
correction Step is obtained by means of at least one poly 
nomial that predicts the values in the trajectory Space from 
the Set of values in Said color Space. 

22. The method according to claim 18 wherein the color 
correction is obtained by inverting at least one polynomial 
that predicts the Set of values for the color in Said color Space 
from the values in Said trajectory Space. 

23. A computer program product for executing the method 
as claimed in claim 1 when executed on a computing device. 
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